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systemic diseases, including septicemia and gastrointestinal, cardiovascular, respiratory, and renal problems. [4] Toothbrushes are frequently stored in the bathroom or close to the toilet and sink which may also expose them to enteric bacteria dispersed by aerosols. [5] It was reported that when the patients change their toothbrush during an oral disease, they noticed that there is a decrease in the symptom of disease. The American Dental Association recommends that toothbrush should be changed every 3 months. [6] The role of toothbrushes in maintaining oral hygiene and the prevention of dental caries and periodontal disease has been widely researched and discussed. However, little attention has been paid to the importance of toothbrush disinfection and the choice of an ideal disinfectant. Therefore, this study was conducted to compare the efficacy of three different chemical agents as toothbrush disinfectant.
MaterIals and MetHods
A randomized controlled triple-blind study was conducted to compare the efficacy of three different chemical agents used as toothbrush disinfectant. The study was conducted over a period of 1 week in a dental institution in 2017. The ethical clearance was obtained from the Institutional Review Board for the study. All the participants were explained about the aim of the study, and written informed consent was obtained from them [ Figure 1 ].
The sample size was calculated using the following formula: where "n" is sample size, "σ" is standard deviation (SD), "Φ" is the normal distribution, "Φ −1" is the standard normal quantile function, "α" is Type I error, "τ" is the number of comparisons to be made and "β" is Type II error.
Taking mean as 200 and 250 for the two groups and SD as 50 and number of comparisons to be made as 6 because there were four groups, the total sample size comes out to be 38 which has been increased to 40 at 80% power and 5% level of significance.
A total of 100 final-year students with a mean age of 22.9 years were available to be the part of the study. On the basis of the inclusion and exclusion criteria, forty students of 100 were selected to be the part of the study.
Inclusion criteria
The inclusion criteria were as follows:
1. Students who have at least 24 caries-free teeth 2. Healthy gingiva 3. No systemic or oral mucosal diseases.
Exclusion criteria
The exclusion criteria were as follows: 1. Pregnant or lactating mothers 2. Smokers 3. If they had used any antibiotic within the past 3 months.
These forty participants were further divided into four groups consisting of ten participants in each group by simple random sampling using the lottery method.
The study participants were randomly divided into three experimental groups and one control group (n = 10): Group A: chlorhexidine 0.12%; Group B: distilled water; Group C: Listerine mouthwash; and Group D: sodium hypochlorite 2% .
The study participants were instructed to brush their teeth twice a day (morning and night) for 7 days using the toothbrush provide to them (Colgate Plus toothbrush with standard softbristles, a vented custom container) and a toothpaste (Colgate Total Toothpaste, Colgate Palmolive Company). They were also instructed to rinse their toothbrush under running tap water until visibly clean and then place it in the sterile container provided with 20 ml of the disinfectant for 20 min. The disinfectants were nonirritant and palatable in taste. The toothbrushes were then rinsed under running tap water for 30 s before the next use. Each participant was provided with identical bottles containing the disinfectant solution and sterile container which was coded by investigator B as Group A, B, C, and D to maintain blinding of study participants and principal investigator. After disinfection and rinsing the toothbrushes, the participants were instructed to store their toothbrush in the provided vented custom container, which allowed air circulation while avoiding the external contamination.
After 7 days, participants were asked to return their toothbrushes to the researcher in the vented custom containers, after placing in disposable sterile plastic pouches provided to them at the 
results
Mean CFUs/ml were calculated for all the groups. Group D (2% sodium hypochlorite) was found to have the highest mean for all the microorganisms and was found to be the most effective disinfectant followed by Listerine, 0.12% chlorhexidine, and distilled water (control), respectively, considering the number of all types of bacteria which was found to be statistically significant using the one-way ANOVA [ Table 1 ]. When the efficacy of different disinfectant groups was checked for different microorganisms using post hoc analysis, for S. aureus group, there was no statistically significant difference found between the groups except A with D, B with C, and D. Similarly for S. mutans, Group D had a statistically significant difference when compared to Group A, B, and C. When analysis for L. rhamnosus was done, Group B showed a statistically significant difference with Group A, C, and D, and finally, when the comparison was done for E. coli, Group A showed a statistically significant difference from C and D and Group B also had a statistically significant difference from Group C and D [ Table 2 ].
dIscussIon
In the present study, different chemical antimicrobial agents were used for toothbrush disinfection due to their accessibility, cost-effectiveness, and potential antibacterial effects. The result of our study showed NaOCl to be most effective method for toothbrush disinfection which is in accordance with the study done by Basman et al. [3] NaoCl is widely used as a root canal irrigant in endodontic because of its broad antimicrobial activity. The cytotoxic properties of 2%-2.5%NaoCl do not appear during short-term exposure and no genotoxic effect has been reported for host tissue. [7] Bhat et al. [1] also investigated the microbial contamination of toothbrushes and their decontamination and suggested that 0.2% NaoCl reduces the count of microorganisms. Mobin et al. [8] investigated fungal contamination in toothbrushes and suggested that submersion in 2% NaoCl for 3-5 min is an effective and method to disinfect a toothbrush. Nelson-Filho et al. [9] investigated microbial contamination of toothbrushes and concluded that NaoCl and chlorhexidine are the most effective method for toothbrush disinfection. da Silva et al. [10] investigated the effectiveness of different solutions for disinfecting acrylic resin specimens contaminated with Candida albicans, S. mutans, S. aureus, E. coli, and Bacillus subtilis. They found 1% NaoCl to be the best antimicrobial agent against the tested microorganisms. This result was supported by Salvia et al. [11] In contrast, Komiyama et al. [12] found chlorhexidine as an effective method in toothbrush disinfection. Hamal et al., [13] in their study, also found chlorhexidine effective method in toothbrush disinfection. However, in our study, chlorhexidine was found to be the third-most effective method of disinfection after sodium hypochlorite and Listerine. Mouthwashes containing essential oils and alcohol, such as Listerine, have the best antibiofilm activity and could be used to prevent plaque formation after periodontal treatment. Erriu et al. [14] used Listerine for 20 min to disinfect toothbrushes and reported that its effectiveness was lower than that of mouthwashes with chlorhexidine. Konidala et al. [2] investigated the efficacy of various disinfectants on microbially contaminated toothbrushes due to brushing and concluded that Listerine to be the most effective method for disinfection of toothbrushes. In contrast, the present study found Listerine to be more effective than chlorhexidine. Furthermore, Listerine was the second-most effective chemical agent against all tested bacteria, after 2% NaoCl. Further studies determining the cytotoxic and genotoxic effect of NaOCl including its biocompatibility are needed to increase the awareness among clinicians and general public.
conclusIon
All the methods tested were effective to reduce the bacterial count of S. mutans, S. aureus. L. rhamnosus, and E. coli. However, the most effective method was NaOCl (2%) followed by Listerine, chlorhexidine, and water.
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